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Experimental Section 
General 
Reagents and solvents were purchased from Aldrich, Acros and Alfa Aesar and used without 
further purification. THF was distilled from Na/benzophenone. Column chromatography was 
performed using Merck silica gel Si 60 (40-63 µm). 1H and 13C NMR spectra were recorded 
on a Varian Unity 500 spectrometer (499.83 MHz, 126.7 MHz, respectively), or a Bruker 
DPX 200 instrument (200.13 MHz, 50.13 MHz, respectively). Chemical shifts (δ) are 
reported in ppm (s = singlet, d = doublet, t = triplet, m = multiplet, br = broad) in reference to 
tetramethyl silane or solvent signals. NMR coupling constants (J) are reported in Hertz. 
HRMS were recorded by the “Centre Commun de Spectrométrie de Masse” of the Université 
de Lyon – UCB, France. 
  
N-diphenylmethylchloroacetamide (1b). 
Chloroacetylchloride (1.7 mL, 22 mmol) is added dropwise to a vigorously stirred solution of 
diphenylmethylamine (7.6 mL, 44 mmol) in toluene (50 ml) at 0°C preferentially using a 
mechanical stirrer. A colorless precipitate forms immediately and the suspension thickens 
progressively, thus potentially requiring addition of further toluene. Once the addition of 
reactant finished, stirring is continued for 20 minutes, before the reaction is quenched with 
water (100 mL). The addition of ethyl acetate (50 mL) causes the solid to disappear 
completely. The phases are separated and the aqueous phase is extracted two times with ethyl 
acetate (50 mL), dried with Na2SO4, filtered, and concentrated. N-
diphenylmethylchloroacetamide 1b was thus obtained in the form of colorless fluffy needles 
(5.1 g, 90%) that can be recristallized from THF/hexane (1/9). 
1H NMR (200 MHz, CDCl3): δ = 7.36-7.22 (m, 10H), 6.26 (d, J = 8.4 Hz, 1H), 4.13 (s, 2H). 
13C NMR (50 MHz, CDCl3): δ = 165.2, 140.8, 128.9, 127.8, 127.4, 57.3, 42.7. 
HRMS [M+] calcd for C15H14ClNO : 259.0764 ; found : 259.0764. 
 
N-benzylchloroacetamide (1a).1 
The procedure for 1b is applied in an identical fashion to the preparation of 1a. Introduced 
quantities : benzylamine (4.8 ml , 44 mmol), chloroacetylchloride (1.7 ml, 22 mmol), toluene 
(35 ml), and water (60 ml). Recrystallized in a minimum volume of toluene. N-
benzylchloroacetamide 1a1 was thus obtained in the form of colorless fluffy needles. (4.1 g, 
90%). 1H NMR (200 MHz, CDCl3): δ = 7.30 (m, 5H), 6.90 (broad, 1H), 4.49 (d, J = 5.7 Hz, 
2H), 4.10 (s, 2H). 
HRMS [M+] calcd for C9H10ClNO : 183.0451 ; found : 183.0451. 
 
1-diphenylmethyltetrazol-5-ylchloromethane (3b). 
Step (1) Phosphorus pentachloride (10.4 g, 50 mmol) is added portionwise to a vigorously 
stirred suspension of N-diphenylchloroacetamide 1b (11.4 g, 44 mmol) in toluene (150 mL) 
cooled to 0°C. The cooling bath is removed, and the reaction mixture brought to room temp. 
over an hour. The thus obtained pale yellow solution is then heated to 60°C under reduced 
pressure to exhaustively drive out all hydrogen chloride. The volume of the remaining 
solution is then reduced by half on a rotatory evaporator. Removal of HCl is crucial to the 
success of the next step leading to heterocycle formation. The solution of crude N-
diphenylmethyl-1,2-dichloroacetylimine 2b thus obtained is then directly introduced into the 
next step. 
  
Step (2) Under a properly operating fumehood a solution of concentrated sulfuric acid (25 
mL) is added dropwise to a gently stirred solution of sodium azide (6.5g, 0.1 mol) in water (7 
mL) at room temperature overlaid by toluene (40 mL). The phases are separated and the 
aqueous one extracted with toluene (2 x 10 mL). The combined extracts are dried with 
Na2SO4. This HN3 solution is slowly added to the solution of 2b (obtained in step 1) and 
stirred overnight at room temperature. The excess of hydrazoic acid is driven out under 
reduced pressure (under a well operating fumehood) before removal of toluene. Ice is then 
added to the residual oil and allowed to melt. Subsequently, the resulting mixture is heated to 
reflux for 30 min. before being extracted with ethyl acetate (3 x 50 mL), dried with Na2SO4 
and concentrated to give an orange oil. Purification of the concentrate by silicagel 
chromatography (ethyl acetate/petroleum ether 9/1 to 6/4) afforded a solid that was 
recristallized from methanol to give 9.75 g (78%) of 3b as colorless crystals. 1H NMR (200 
MHz, CDCl3): δ = 7.38-7.20 (m, 10H), 6.98 (s, 1H), 4.72 (s, 2H). 13C NMR (50 MHz, 
CDCl3): δ = 151.6, 136.4, 129.2, 129.2, 128.4, 66.4, 31.5. 
 
1-benzyltetrazol-5-ylchloromethane (3a).1 
The procedure for 3b was applied in an identical fashion to the preparation of 3a. Introduced 
quantities : 10.7 g (58.6 mmol) of N-benzylchloroacetamide 1b ; 13 g (87 mmol) of PCl5 ; 
8.5 g (0.118 mol) of NaN3 ; water (8 mL) ; toluene (40 mL) ; concentrated sulphuric acid (25 
mL). 1-benzyltetrazol-5-ylchloromethane 3a1 was thus obtained in the form of colorless 
crystals. (9.1 g, 75 %). 1H NMR (200 MHz, CDCl3): δ = 7.40-7.25 (m, 5H), 5.67 (s, 2H), 
4,60 (s, 2H); 13C NMR (50 MHz, CDCl3): δ = 151.2, 132.5, 129.5, 129.5, 128.0, 51.8, 31.5. 
HRMS [M+] calcd for C9H9ClN4 : 208.0516 ; found : 208.0516 
 
N,N,N’,N’-Tetrakis-((1-benzyltetrazol-5-yl)-methyl)-1,2-ethanediamine (4).  
A basic solution of ethylene diamine (2.72 mmol) was prepared by combining 2.6 mL of an 
aqueous stock solution of ethylene diamine (1.05 M) with sodium hydroxide (0.187 g, 4.7 
mmol) in water (13 mL). The resulting solution is treated with solid 1-benzyltetrazol-5-
ylchloromethane 3a (2.27 g, 11.2 mmol) and heated to 70°C under vigorous stirring. This 
causes the melting of 3a and an emulsion is formed that gradually deposits a yellow resin on 
the stirring bar. The pH is adjusted to between 7 and 9 with 0.5 M NaOH. Stirring is 
continued for 24 hours. The pH of the solution is regularly checked and kept at 7-9. The 
mixture is now extracted with CH2Cl2 (3 × 50ml) and the combined organic phases dried and 
  
evaporated, giving rise to a yellow resin the weight of which surpasses the theoretical yield. 
After filtration through a short silicagel column preconditioned with mobile phase containing 
a few drops of triethylamine (eluant : ethyl acetate/petroleum ether 1/1, then ethyl acetate) 
compound 4 is obtained as a colorless solid (1.67 g, 82%). 1H NMR (200 MHz, CDCl3): δ = 
7.23-7.10 (broad, 20H), 5.52 (s, 8H), 3.87 (s, 8H), 2.62 (s, 4H); 13C NMR (50 MHz, CDCl3): 
δ = 151.8, 133.3, 129.1, 128.8, 127.5, 50.8, 50.3, 46.0. HRMS [M+] calcd for C38H40N18Na : 
771.3582 ; found : 771.3582 
 
N,N,N’,N’-Tetrakis-((tetrazol-5-yl)methyl)-1,2-ethanediamine (5).  
A solution of 4 (0.5 g, 0.67 mmol) in a 1:1 mixture of dichloromethane/ethanol (50 mL) is 
treated with 5% palladium on carbon (2.83 g; “Degussa” quality). The gas phase of the flask, 
sealed with a septum, is purged for two minutes with hydrogen, then placed under one 
atmosphere of hydrogen and stirred at room temperature for 48 hours. The mixture is filtered 
over Celite, washed with ethanol, and concentrated to give the crude product as a colorless 
oil. This oil is dissolved in a minimum volume (a few mL) of a mixture of water and 
acetonitrile (9:1) in order to achieve complete solubilisation. This sample is applied to a 
reversed-phase cartridge (C18) that had been previously conditioned with pure water. Using a 
mobile phase of water/acetonitrile (9:1) results in the very efficient elution of very polar 5. In 
order to elute residual mono-, di-, and tri-benzylated product, the mobile phase has to be 
gradually switched to 8:2, then 7:3. Eluted fractions are analyzed for product presence (by 
LCMS analysis or other). The fractions containing the product (slightly yellow) are then 
evaporated on a rotatory evaporator leaving a yellow resin. This material, when dissolved in 
a minimum amount of distilled water (a few mL) and placed in the fridge at 4°C overnight, 
cristallizes as colorless needles, leaving the yellow-colored impurities in solution. Filtration 
and drying affords 0.179 g of pure 5 (69%). 
1H NMR (200 MHz, D20): δ = 3.89 (s, 8H), 2.64 (s, 4H); 13C NMR (50 MHz, D20): δ = 159.3, 
50.0, 47.3. 
MS [M+] calcd for C10H16N18 = 388.2 ; found 389.2 [M+H]; 412.0 [M+Na]. 
 
(1) Harvill, E. K.; Herbst, R. M.; Schreiner, E. G. J. Org. Chem. 1952, 17, 1597-1616. 
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